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Study of the Role of Serum Procalcitonin Level in Differentiation
between Bacterial and Viral meningitis
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Background and Study aim: Serum
procalcitonin (PCT) is specific for the
diagnosis of bacterial infection. The aim of
this study is to evaluate the role of serum
PCT in diagnosis of septic meningitis in
adults and its efficacy in differential
diagnosis.

Patients and Methods: The study included
30 adults of septic meningitis and 30
adults with aseptic meningitis admitted in
Menouf Fever Hospital and Tropical
Medicine Department with fever, headache,
vomiting and seizure. The diagnosis of
septic meningitis was based on clinical
features; physical examination, blood and
cerebrospinal fluid (CSF) cytochemical
findings, Gram stain and bacterial culture.
Thirty cases of aseptic meningitis admitted
during same period were also included in
the study, and 20 subjects of matched age
and sex, free from any CNS diseases

undergoing spinal anaesthesia for non
CNS surgical causes as control. Serum
PCT was measured by Gloryscience
ELISA Kit.

Results: Serum PCT level was significantly
higher in patients with septic meningitis
than those with aseptic meningitis
(P<0.001). In culture and Gram stain
positive 23 and 20 cases respectively, serum
PCT was significantly elevated (23.123 +
9.894 pg) than aseptic meningitis (8.652+
1.777pg) (P<0.001). At optimum cut off
value of >10.36 pg/mL, based on area
under receiver operating characteristic (ROC)
curve, PCT showed sensitivity, specificity
of 100 % and 86.6% respectively for the
differentiation of septic from aseptic
meningitis.

Conclusions: Serum PCT may be used as
diagnostic marker for septic meningitis and
its differentiation from aseptic meningitis.

INTRODUCTION

Despite the advances in diagnosis
and treatment of infectious diseases,
meningitis and  encephalitis are
still considered as important causes
of mortality and morbidity [1]. To
reduce the morbidity and mortality
related to bacterial meningitis, it is
important to discriminate bacterial
meningitis from aseptic meningitis
during the acute phase of the disease,
when the clinical symptoms are
often similar [2]. An ideal marker for
bacterial infections should allow
early diagnosis, inform about the
course and prognosis of the disease,
and facilitate therapy [3]. Clinical
criteria, Gram staining, and bacterial
antigen testing of CSF as well as
the classic biological markers in
the blood (C-reactive protein [CRP]

level, white blood cell count [WBC],
and neutrophil count) or CSF
(protein level, glucose level, WBC
count, and neutrophil count) used
alone do not offer 100% sensitivity
with high specificity for
distinguishing between bacterial and
aseptic meningitis [3]. Waiting for
at least 2 days was recommended to
identify bacterial growth in CSF
cultures, whereas this period is 3-8
days for viral cultures [4]. Moreover,
identifying the frequently encoun-
tered viral agents via polymerase
chain reaction is not always possible
in every institution.  Therefore,
intensive research has been carried
out to find new and rapid diagnostic
methods for differential diagnosis
of bacterial and viral meningitis [5].
PCT, which is a calcitonin
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propeptide, is supposed to be synthesized in C
cells of the thyroid gland and secreted from
leukocytes of the peripheral blood [6]. Serum
PCT is more specific for the diagnosis of
bacterial infection [7]. PCT levels do not or only
slightly increase in non-bacterial inflammatory
syndromes. PCT also provides prognostic
information and risk stratification assessment in
the emergency unit [8]. It was previously shown
that serum PCT levels increase during the course
of bacterial, parasitic, or fungal infections, but
remain normal or slightly increase in viral
infections and inflammatory reactions that are
not infectious [9].

PATIENTS AND METHODS

For this purpose, adult patients with clinical
presentations of meningitis (41 males and 19
females) were included in the study who
presented to Menouf Fever Hospital in the period
between April 2014 and March 2015. These
patients were classified according to the results
of CSF findings into 30 patients of septic
meningitis as group | (GI) and 30 patients of
aseptic meningitis as group Il (GII). In addition
to 20 subjects of matched age and sex, free from
any CNS diseases undergoing spinal anaesthesia
for non CNS surgical causes were included in the
study as Gl (control group).

Clinical manifestations; laboratory examination
of CSF (glucose, protein, leukocyte count, Gram
stain and bacterial cultures); and serum
inflammatory ~ markers  (peripheral  blood
leukocyte count and CRP) were evaluated for
their ability to differentiate bacterial from aseptic
meningitis.

All patients and control were examined using
Gloryscience PCT kits for serum PCT level.

Statistical analysis:

Statistical presentation and analysis of the
present study was conducted, using the mean,
standard deviation, student t-test, Paired t-test,
Chi-square and Mann-Whitney by SPSS V17.

The results were tabulated and statistical analysis
was done and the results were considered
significant at P value < 0.05.

Diagnostic validity test:

a. The diagnostic sensitivity: It is the percentage
of diseased cases truly diagnosed among
total diseased cases or the ability of the

screening test to discover the truly positive
cases.

b. The diagnostic specificity: It is the percentage
of non-diseased truly excluded by the test
among total non-diseased cases or the ability
of the screening test to discover the truly
negative cases.

c. The predictive value for a positive test: It is
the percentage of cases truly diagnosed
among total positive cases.

d. The predictive value for a negative test: It is
the percentage of cases truly negative among
total negative cases.

e. The efficacy or the diagnostic accuracy of the
test: It is the percentage of cases truly
diseased plus truly non-diseased among total
cases.

RESULTS

Clinical symptoms and signs were of little
assistance in differentiating bacterial from
aseptic meningitis except for meningeal irritation
signs which were found to be statistically
different between septic and aseptic groups.

Examination of CSF revealed:

« A statistically significant difference in aspect
of CSF between bacterial meningitis group
compared to the aseptic meningitis group
(p<0.001) (Table 1).

« Significantly higher CSF leukocyte count with
marked increase in the polymorphnuclear
leukocyte count, CSF protein level and low
CSF glucose in the bacterial meningitis group
compared to the aseptic meningitis group
(p<0.001) (Table 2).

CSF culture was positive in 23 patients of Gl
(78 %) while it was negative in 7 patients of
the same group (22%) and The most common
detected organisms were St. pneumoniae (Gram
positive cocci) in 11 patients out of 23 positive
cultures (47.8%), N. meningitidis (Gram negative
diplococci) in 7 patients (30.4%), H. influenza
(Gram negative pleomorphic rods) in 3 patients
(13.04%). Staph. aureus and E. coli were the
least common organisms with the incidence of
(4.33%)for both (Table 3).

High statistically significant differences in
ESR and CRP between patients with septic
meningitis and those with aseptic meningitis.
CRP results were positive in 80% of patients
with bacterial meningitis, and 20% of patients
with aseptic meningitis (Table 4).
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The mean values of peripheral blood WBCs
were 13830 in Gl and 8543 in GlI respectively,
and these results were statistically highly
significant (p <0.001).

High level of serum PCT in septic (23.123 *
9.894 pg/dl) when compared with aseptic
meningitis (8.652 + 1.777 pg/dl) and control
group (6.045 + 0.908 pg/dl) (Table 5).

Cut off PCT level >7.5 pg/dL clearly
distinguished patients with meningitis from
control group (all patients with bacterial and
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viral meningitis had a serum PCT level above
this level).

* Cut off PCT level >10.36 pg/dL differentiate

patients with bacterial meningitis from those
with aseptic meningitis with 100% sensitivity
and 86.6 % specificity (Table 6).

Table (1): Physical findings of the CSF of group | in comparison to group 11

Group | Group 1l Total
Variable N =30 N =30 N =60 X? P-value
N % N % N %
Colorless | 20 | 66.67 24 80.00 44 73.33
Colour | Whitish 7 23.33 3 10.00 10 16.67 2.010 0.366
Bloody 3 10.00 3 10.00 6 10.00
Turbid 19 | 63.33 5 16.67 24 40.00
Aspect Clear 4 13.33 18 60.00 22 36.67 17.076 | <0.001*
Hazy 7 23.33 7 23.33 14 23.33
Table (2): Cytological and chemical findings of the CSF the studied groups
Variable Group | Group Il t P-value
CSF Range 10 - 58 16 - 168
glucose Mean £SD 28.700 + 14.613 74.333 £ 35.139 -6.568 | <0.001*
CSF Range 25 - 396 12 - 116 *
protein Mean £SD 143.633 + 115.927 45.000 + 32.768 4.484 <0.001
CSF Range 550 - 45000 15 - 315 3518 0.001*
WBCs Mean +SD | 6224.000 + 9497.920 123.967 + 87.344 ' '
CSF Range 45-90 10-50
neutrophils | Mean +SD 69.833 + 11.633 30.667 + 10.483 13.700 | <0.001%
Table (3): Organisms isolated from CSF of septic meningitis patients
Organisms CSF culture Gram stain
N % N %
St. pneumoniae 11 47.8 10 50
Meningocci 7 30.4 5 25
H. influenza 3 13.04 3 12.5
Staph. aureus 1 4.34 1 4.16
E. coli 1 4.34 1 4.16
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Table (4): CRP of group | in comparison to group 11

Group | Group Il Total
CRP N YA N YA N YA X2 P-value
Negative 6 20.00 24 80.00 30 50.00
Positive 24 80.00 6 20.00 30 50.00 21.600 | <0.001*
Total 30 | 100.00 30 100.00 60 100.00
Table (5): Values of mean & SD of serum PCT among the three studied groups
Groups FeT P-value
P Range Mean + SD F
Group | 10.5-42.8 23.123 + 9.894
Group Il 5.8-11.88 8.652 + 1.777 60.041 | <0.001*
Group 111 52-84 6.045 + 0.908
TUKEY'S Test
1&11 1&I111 H&IT
<0.001* <0.001* 0.316
Table (6): Accuracy of serum PCT level in differentiation between bacterial meningitis and aseptic
meningitis
PCT ROC curve
Cutoff Sens. Spec. PPV NPV Accuracy
>10.36 * 100.0% 86.6% 88.2 % 100.0% 98.2%
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Figure (1): ROC curve for sensitivity and specificity
of serum PCT level in diagnosis of meningitis.
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DISCUSSION

In the present study, serum PCT level was found
significantly higher in the septic meningitis
group than the control group. Further in septic
meningitis group, higher level was found than
aseptic meningitis group. The diagnostic value of
serum PCT was calculated with optimum
combination of sensitivity and specificity at
optimum cut off level obtained through receiver
operating characteristic curve (ROC).

These results agree with Prasad et al. [10] who
reported that the mean level of serum PCT in
patients with septic meningitis and control group
was (22,669.21 + 7,656.45 pg/ml) and (3,943.8 +
632.27 pg/ml) respectively and showed a highly
significant  difference among both groups
(p<0.001) [10].

Kepa et al. [11] in another study carried out onl7
adult patients with suppurative bacterial
meningoencephalitis and 16 patients with
lymphocytic meningitis measured the levels of
serum and CSF PCT and concluded that using
serum PCT is a key element in differentiating
bacterial meningitis from viral meningitis.

These results also agree with Knudsen et al. [12]
who concluded that PCT and CRP had very high
diagnostic accuracy for distinguishing between
bacterial and non bacterial infection in patients
with spinal fluid pleocytosis.

Ray et al. [13] in a prospective study carried out
on 151 adult patients with meningitis signs
concluded that laboratory test results of
cerebrospinal fluid are of moderate importance in
differentiating bacterial meningitis from the
nonbacterial meningitis in cases which Gram
staining for bacteria is negative in the beginning
however serum PCT is an excellent predictive
factor for differentiating acute bacterial
meningitis which is similar to our study.

Dubos et al. [14] found that a PCT used alone
offered the best sensitivity (99%) and specificity
(83%) in agreement with our results.

In this study, the level of PCT was significantly
higher among patients with neck rigidity.

Andreola et al. [15] agreed that CRP and PCT
are both valuable markers for detection of severe
bacterial infection in children according to the
serum PCT characteristics which agree with the
results of the present study.
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The present study revealed highly significant
increase in ESR (1* h) and CRP in Gl patients
when compared to Gll (p <0.001).

These results were in agreement with Yetkin et
al. [16] who stated that, there were high
statistically significant differences in ESR
(p<0.007) and CRP (p <0.001) between patients
with septic meningitis and those with aseptic
meningitis. In contrast to Makoo et al. [17] who
found that ,there was no significant difference
between patients with septic meningitis and those
with a septic meningitis ESR (p = 0.07) and CRP
(p = 0.35). This disagreement may explained by
the fact that, the peripheral white blood cells,
ESR and CRP can be different very early in the
disease and in patients insufficiently treated by
antibiotics.

In this study, CSF culture was positive in 23
patients of GI (78 %) while it was negative in 7
patients of the same group (22%). Patients with
negative culture diagnosed as septic meningitis
by CSF parameters (WBCs, glucose level,
protein level, aspect of CSF and Gram staining)
and other inflammatory markers like CRP,
peripheral TLC and ESR.

CONCLUSION

Serum PCT may be used as diagnostic marker
for septic meningitis and its differentiation from
aseptic meningitis. PCT may be used as
prognostic marker as all cases that had bad
outcome, had higher level of PCT than cured
cases.
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